Introduction
Carbon monoxide (CO) is a colorless, odorless, nonirritating gas which is produced naturally (40%) and artificially (60%) as a result of human activities [1, 2] . The concentration of CO in the atmosphere is less than 0.001%, but in gas heating circuits is up to 30%, in vehicle exhaust up to 20%, and in smoke from explosions and fires up to 60% [3] . CO exposure results in the formation of carboxyhemoglobin (COHb), which binds to the hemoglobin molecule, displacing oxygen, and resulting in toxicity [4] . Poisoning is often unintentional and results in low (or unrecognized) morbidity, and severe CO poisoning is a preventable cause of death [5] . Therapy includes normobaric and/or hyperbaric oxygen (HBO), besides supportive therapy [6] .
Ankara is a city of four million people in central Turkey. Many homes are heated with coal stoves and heaters during the cold winter months, from November to the end of April. Some of the houses have problems with the flow of smoke going up (or not) through the chimneys to the outside. Occupants often close off the chimney to 'keep the cold out and heat in', which leads to the incomplete burning of coal and accumulation of CO.
When the wind comes from the southwest, CO poisoning increases. Typically, in homes heated with one coal stove, family members live and sleep in the same room. Thus, in cases of CO poisoning, multiple patients from the same household present to the ED.
Several years ago, we had a few patients present to our emergency department (ED) with complaints of syncope, headache, and dizziness, and who were evaluated and treated as 'peripheral vertigo' and 'nonspecific headache' patients. Only later was the etiology determined to be CO after repeated visits to the ED. Thus, we undertook a chart review to identify characteristics of patients with CO poisoning to help with the early diagnosis and correct management of future patients.
Patients and methods
We retrospectively evaluated the charts and toxicology reporting forms (filled out for all poisoned patients at our hospital) of the adult patients diagnosed with CO poisoning in our tertiary care university ED between January 2002 and December 2003. The hospital has 1000 beds and our ED sees approximately 40 000 patients/year. A co-oximeter for CO-poisoned patients is obtained in 2002. And we have given education to our staff about signs, symptoms and treatment of CO poisoning. The following data were analyzed using SPSS for Windows 11.0 (SPSS Inc., Chicago, USA): age, sex, route of poisoning, hour of presentation, chief complaint, vital signs, physical findings, laboratory findings (including arterial, venous blood gas, and COHb levels), and mode of oxygen therapy. The w 2 test was used to evaluate the relationship between COHb levels and syncope; between syncope and sex; sex and hour of ED presentation, and age and hour of ED presentation. The study was approved by our university Ethics Committee.
Results
Of the 323 patients diagnosed with CO poisoning, the mean age was 29 ± 17 years and 64% were females. A large percentage (37%) of patients presented to the ED between 18.00 and 24.00 h ( Fig. 1 ). All of the patients were exposed to CO unintentionally.
The most common sources of CO exposure were domestic stoves (29%) and water heaters (24%). Most patients presented to the ED in the winter months, between December and March. The patients' chief complaints were headache (55%), nausea (49%), dizziness (44%), syncope (28%), palpitations (13%), dyspnea (6%), seizures (4%), and chest pain (3%). Abnormal physical findings included tachypnea (79%), tachycardia (47%), hypotension (14%), hypertension (7%), and disorientation (1%). Oxygen saturation was measured by pulse oximetry in 131 patients and was over 90% in 117 (89%). Of ECGs done in 206 patients, 11% had sinus tachycardia, 7% had ischemic findings, and 2% had a right bundle branch block. On head computed tomography scan performed in 15 patients, signs of brain edema were seen in two (13%) patients. One of them was a 23-year-old female patient. She presented to another hospital with headache, dizziness, and syncope and was given oxygen therapy. When she came to our ED, she complained of headache only, had a COHb level of 2%, was treated with normobaric oxygen and admitted to the hospital. The other was a 17-year-old male patient who presented to the ED with headache and syncope. His blood COHb level was 23%. Both the patients used open stoves for heating in their homes.
The mean COHb saturation was 26.3 ± 11.5%. Syncope occurred more frequently in patients with high COHb levels (P < 0.001, Table 1 ) and was especially common in patients having COHb levels of Z 20%.
Syncope occurred more commonly in women than in men (w 2 , P = 0.003) ( Table 2) . No difference in hour of presentation was found between female and male patients (w 2 , P > 0.05). Age was also not correlated to time of presentation to the ED (w 2 , P = 371).
Seizures were seen more often among patients with a COHb level of Z 20. Ten patients complained of chest pain, but only four had ischemic ECG findings, and cardiac enzymes were elevated in only one. No cardiac dysrhythmias or complications occurred in any patient.
Regarding treatment, 287 (89%) patients received normobaric oxygen therapy and were discharged, whereas 20 (6%) patients underwent one session, eight (2.5%) patients three sessions, and 4 patients (1.2%) four sessions of HBO therapy. One pregnant woman refused HBO therapy, and one other patient could not tolerate the HBO chamber. Disposition was to home in 272 (85%) patients, admission to a normal ward in 28 (9%) patients, admission to an ICU in two (0.6%) patients, and left against medical advice in 15 (5%) patients. All patients and their family members were given detailed information about how to avoid CO poisoning. Members from one family came to ED twice with CO poisoning; although they had tried to solve a malfunctioning chimney after the first visit, efforts were unsuccessful. Discussion CO poisoning can be acute or chronic, intentional or unintentional [7] . As we found in our patients, the most common sources of accidental CO exposure are water heaters, furnaces, fireplaces, chimneys, stoves, kitchen ranges, and attached garages [8] . All patients in our study presented after unintentional exposures with acute, nonspecific symptoms such as headache, dizziness, weakness, and difficulty in concentrating. Exposures with the intent of suicide did not occur among our patients, perhaps because closed garages are rare in our city. As we observed also, CO poisoning occurred most often during the winter months [9] .
Although acute exposures to high levels of CO result in corresponding high levels of COHb in the blood, many patients present after hours of low CO concentration exposure. In these patients, CO has had time to diffuse into and affect tissues, but the time lapse also allows for elimination of CO from the blood via the lungs. Thus, several hours after 'low-dose' exposures of long duration (during which the car runs out of gas or the fire burns out), patients may be severely symptomatic, with normal or only mildly elevated COHb levels [10] . For these reasons, treatment is not guided solely by COHb levels, but by clinical symptoms as well.
Correlation between CO levels in venous and arterial blood gas samples is high [11] . Lack of the ability to measure COHb in a hospital has the potential to result in failure to diagnose cases of CO poisoning, or to contribute to a delay in diagnosis, if the blood sample has to be sent elsewhere; COHb levels are stable for days in an anticoagulated capped blood tube [12] . A recently available alternative to the co-oximeter is a handheld CO oximeter device which uses multiple wavelengths of light to determine COHb saturation levels [13] .
We found syncope to occur in a much higher proportion of women than of men. This sex difference is not mentioned in other series of CO poisonings. In a prospective study designed to show the end expiratory CO levels, Jones and Lam [14] showed that male nonsmoking patients had higher exhaled CO levels compared with female patients. They also found that exhaled CO levels were significantly higher in smokers (and males having a higher number of cigarette pack-years) compared with nonsmokers. When patients were grouped by age, those 22 years or younger (males and females) had higher exhaled CO levels compared with the oldest age group.
Cardiac manifestations of CO are due to ischemia, ranging from elevation of enzyme levels to ECG changes (e.g. ST segment depression), to transmural infarction. Conduction abnormalities, atrial fibrillation and ventricular arrhythmia have also been reported [15] . Angina has been reported in patients with preexisting cardiac disease who have COHb levels greater than 10%. At levels above 15%, they are at risk of acute myocardial infarction. Ventricular fibrillation may occur with COHb levels as low as 9% in acute myocardial infarction patients [16] .
Patients with suspected exposure to CO should be screened for myocardial injury [17] . Although many patients in our study had COHb levels higher than these, we saw no cardiac problems.
Even when CO poisoning seems to be relatively mild, delayed neurological sequelae may still occur [18] . Patients acutely exposed to CO and arriving to the ED with a COHb level of Z 30% often experience neuropsychiatric symptoms, which may be noted acutely, or whose onset may be delayed [19] . Neurological sequelae are the most frequent form of morbidity, and include impairments of concentration, dementia, cogwheel rigidity, amnesia, and depression. These develop in 23-76% of patients, and may be first noticed days to weeks after the poisoning event [18] .
Treatment of CO poisoning includes normobaric and HBO. Early HBO therapy decreases the extent of lipid peroxidation, and might explain the decreased incidence of neuropsychiatric sequelae in HBO-treated patients after CO poisoning [18, 20, 21] . Patients with moderate to severe CO poisoning and associated neurologic manifestations receive greater benefit from HBO therapy than with normobaric oxygen alone if treated with three sessions of HBO as early as 24 h after the exposure [10, 22] . As we lacked a standard treatment protocol, patients had been transferred to one of three medical centers for HBO therapy.
Limitations of our study include the lack of formal neuropsychiatric testing (acutely, immediately posttreatment, and remotely). The most useful test, because of its sensitivity and ease of use, is the trail-making test (requires patients to draw a line as quickly as possible connecting a series of numbers or letters). We aim to prospectively have patients with suspected CO exposure perform this test in a future study. In regard to treatment decisions, the value of invasive or noninvasive measurement of COHb levels needs to be prospectively evaluated. We were unable to offer HBO therapy to all patients in whom this was indicated, thus outcomes of patients receiving normobaric and HBO could not be compared. Most patients were cared for by emergency medicine residents (and sometimes residents rotating from other departments) in conjunction with emergency medicine residency-trained faculty members. Although pulse oximetry and ECG were done on all of our COpoisoned patients, data in the charts were incomplete.
Conclusion
CO exposure in our patients was acute, accidental, and occurred during the winter months. Serious symptoms, such as syncope, occurred more often in patients having increased COHb levels, but were also seen in patients with normal COHb levels. Normal COHb levels cannot be used to rule out CO as an etiology of serious symptoms. Domestic CO poisoning is a serious public health problem which demands greater efforts in public and medical education.
